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Portions of this document may be illegible in electronic image products. Images are produced from the best available original document. Below we report on enhancements to the previous circuit which provide proper conditions for the APD to become an efficient detector of light flashes composed of only a few (five or more) photons. The type of APD used is the CA30902S produced by EG&G Opt~electronics.~
II. Fast Quench andlor Recharge Circuits for Geiger Opera tion
The original circuit described in reference 1 serves as a model of active quenchfrecharge circuit operation. It is shown in Figure 1 . In the absence of a signal, the APD is biased above breakdown and is current limited by a large series resistance. Both the input to the comparator and the output of the 74HC365 hi-state buffer present high impedances at this time. When the beginning of an APD breakdown pulse is detected by the comparator, the hi-state buffer is enabled to provide a low impedance output. It switches the low-voltage side of the APD up by a TTL "high" logic level, thus reducing the voltage across the APD by the same amount. After a delay time determined by RlCl the TTL output goes "low", restoring the full bias voltage across the APD. Finally, the buffer is disabled and the APD sees only high i m m c e s .
The modified circuit shown in Figure 2 works in essentially the same way, but provides a higher voltage quenching pulse. It is not sufficient to simply replace the TTL hi-state 
III. Test Results
To test the circuit we exposed the avalanche photodiode to flashes of light consisting of small numbers of photons. Early tests demonstrated that the system was ready to respond to a second flash less than 100 11s after the first one. While no real effort has been made to improve upon this response time, it is already fast enough to be interesting for many currently envisioned applications in high energy physics. Further, the demonstrated speed is not near any fundamental limit and could certainly be improved upon. As indicated in the caption of Figure 3 , the actual numbers of photons striking the active area of the APD is at most 40% of those shown because of optical inefficiencies in our experimental setup. If we take the efficiency at plateau as a measure of the mean number of photons detected at each flash intensity setting (assuming the numbers of photons per pulse obey a Poisson distribution), then the overall efficiency of the system (optical detection) is about 18%. This is in good agreement with our measured peak optical efficiency and a 50% Detezted Quantum Efficiency for the silicon APD.
IV. Calibrated Light Source
In order to probe the performance of the system of APD and controlling circuitry as described above, one needs a source of light pulses of known intensity. We used a pulsed infrared laser diode as the light source, and determined its intensity with a commercially calibrated PIN photodiode. An interesting number of photondflash for testing the APD is from one to about twenty. To "count" this few photons we produced many pulses per Figure 4 shows the number of photons per pulse emitted from our lmm diameter plastic fiber as a function of laser diode control pulse width. pulse width.
v. summary
A circuit which actively quenches and recharges avalanche photodiodes with as much as 30 V has been developed and tested. The circuit allows efficient detection of light flashes separated by as little as 100 ns and composed of as few as five photons.
